23  May  1967 


t’ilfc.**- 


A  Tsehciqu*  for  Itetat-Hlsisg  aa  ledax  of  Visual 
Alartm&a  froa  the  Elsetresncephaiograi 


Msval  Air  Systoas  CmmaA 
MrTart  *360  FR  102/2021/Ml  101  01 
CF*-5-01) 


DIStRIBUTHM  OF  THIS  DOCUMEST  IS  UML2MHX9 


sm 


D  D  C 

?!7Tf=^  "’TO 


uJUl/ 


limitations  concerning  the  distribution  ©f 
this  roport  and  rsvslotion  of  its  contents 
appear  on  th«  insids  of  this  eovor. 


DEPARTMENT  OF  THE  NAVY 
IJ  S.  NAVAL  AIR  DEVELOPMENT  CENTER 
jchnsville 

VVAPMiNSI  TR.  PA  i69?4 


Aerospace  Medical  Research  Department 

NADC-MR-6618  23  May  1967 

A  Technique  for  Determining  an  Index  of  Visual 
Alertness  from  the  Electroen  -pnalograra 


Naval  Air  Systems  Cotaoand 
AirTaik  R360  FR  102/2021 /R01  101  01 
(RF-5  -01) 


DISTRIBUTION  OF  THIS  DOCUMENT  IS  UNLIMITED 


Prepared  by: 


/ 

CteorgfnE* 


c 


&J&*  Bergey  Q  ") 
William  C.  Ii£ple 


Approved  bys 


Released  byj 


Research  Director 

Aerospace  Medical  Research  Department 


>'  E.  M.  Wu*#el,  CAPT,  MC,  USN 
Director 

Aarospace  Medical  Research  Department 


'  -V. 


St 


SUMMARY 


This  is  a  progress  reoort  describing  a  technique  for  evaluating  the 
visual  alertness  of  huuians.  This  technique  utilises  a  transistorised  EEG 
analyzer  consisting  of  cn  automatic  signal  level  control,  a  number  of  paralleled 
active  bandnass  filters,  and  a  switching  arrangerne*.:  fn  allow  modification  of 
bandpass  characteristics  by  the  user.  The  output  of  the  analyser  consists  of 
four  D.C.  signals,  the  voltage  of  each  being  proportional  to  the  EEG  activity 
within  the  variable  frequency  bands  selected  by  the  experimenter.  This  evalua¬ 
tion  of  visual  alertness  involves  monitoring  these  four  analyzer  outputs  while 
the  subject  perform*  a  routine  designed  lo  provide  alpha  suppression. 
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INTRODUCTION 


Since  the  discovery  in  1670  by  Richard  Ca>^..  (t>)  of  electrical  activity 
originating  in  the  exposed  brain  o£  a  dog,  and  Hans  Beger's  (3)  studies  of 
similar  voltages  present  on  the  scalp  of  man  ».n  192b,  *  varlet”  of  attempts  have 
been  made  to  extrac*-  meaningful  information  from  this  t  ,ectri?-»l  actively,  the 
apparently  warranted  assumption  which  asset  be  made  before  undertaking  any  method 
of  analysis,  from  simple  subjective  interpretation  to  complex  computer  analysis, 

Is  that  some  correlation  exists  between  the  electroencephalogram  (EEG)  and  the 
activity  of  the  brain  from  which  it  Is  being  recorded, 

A  number  of  previous  Investigators  have  correlated  certain  characteristics 
of  the  human  EEG  to  the  degree  of  alertness  or  visual  attention  exhibited  by  a 
subject  (4,  13).  The  authors  have  had  need,  during  the  course  of  certain  experi¬ 
ments,  to  evaluate  this  alertness  parameter  and  have  devised  the  system  described 
in  this  report  to  assist  in  the  analysis  of  the  EEG.  This  analyzer  utilises  a 
number  of  sharply -tuned  active  bandpass  filters  to  separate  the  EEG  waveform  into 
Its  sinusoidal  components  within  a  number  of  frequency  bands  generally  considered 
to  be  physiologically  significant  in  terms  of  having  some  correlation  to  the  pre¬ 
viously  mentioned  index  of  alertness.  Several  methods  of  employing  frequency 
analysis  techniques  to  the  human  EEG  have  been  developed,  including  certain  optico- 
mechanical  systems  (6,  7),  tuned  mechanical  resonator  systems  (2,  12),  electrical 
bandpass  filters  (1),  sr>  FM  discriminator  system  (10),  and  a  number  of  methods 
whose  complexity  necessitates  the  use  of  digital  computers  (9,  11).  The  device 
described  herein  is  somewhat  similar  in  some  respects  to  the  analyzer  described 
by  B«ldock  and  Walter  (1)  in  1946,  however  some  of  the  limitations  of  this  earlier 
device  have  been  eliminated.  The  Walter  analyzer  performs  a  frequency  analysis 
of  the  EEG  during  consecutive  ten -second  time  Intervals,  with  integration  during 
these  time  seg-ents  producing  a  vol  *<»e  proportional  to  the  average  EEG  amplitude 
with  the  frequency  bands  being  monitored.  As  with  any  bandpass  filtering  sy«tc~ 
since  amplitude  variations  are  reflected  in  the  analysis,  the  experimenter  cannot 
determine  by  measurement  of  the  output  voltage  exactly  to  what  extent  frequency 
and/or  amplitude  varied  during  each  ten-second  interval.  That  is,  a  relatively 
short  burst  of  high  amplitude  EEG  at  a  given  frequency  might  result  in  the  same 
output  as  a  longer  train  of  either  lower  amplitude  waves  of  the  same  frequency  or 
waves  of  a  different,  amplitude  and  slightly  different  f  re  •vie  icy.  With  the  Walter 
analyzer,  phase  relationships  between  changes  in  EEG  content  cannot  be  determined; 
no  Information  is  given  as  to  exactly  what  moment  during  each  of  the  ten -second 
intervals  EEG  variations  occurred.  Physically,  the  analyzer  dee-ribed  in  this 
report  has  the  advantage  of  being  entirely  of  solid-state  design,  making  it 
considerably  lighter  and  more  compact  than  earlier  units. 


PLJCRIPTION  OF  EQUIPMENT 

This  EEG  analyzer  is  relatively  simple  and  inexpensive,  portable,  and 
capable  of  being  operated  by  a  discriminator  of  an  FM  telemetry  system,  thereby 
eliminating  the  need  for  any  restraining  wires  connecting  the  subject  to  the  unit. 
Of  course,  if  on-line  monitoring  capabilities  are  not  required,  tape-r- -o -ded 
EEG  signals  can  be  analyzed. 


The  analyzer,  shown  In  Figures  1  and  2  is  beat  described  In  three  sections 
following  the  block  diagram  of  Figure  3, 

The  EEG  signal  being  analyzed  first  enters  an  automatic  signal  level  con¬ 
trol,  aee  Figure  4.  The  signal  level  control  consists  of  s  Darlington  network, 

Qj,  Q2,  to  provide  the  analyzer  with  a  high  input  impedance,  thus  minimizing 
loading  effects.  The  signal  then  enters  the  first  of  two  cascaded  operational 
amplifiers,  Aj„  A£.  In  the  feedback  loop  of  amplifier  A^  Is  a  light-dependent 
reslator,  so  that  the  gain  of  is  deoendent  upon  the  light  incident  on  this 
variable  resistor.  The  lamp  providing  the  varying  intenaity  light  for  this  photo¬ 
sensitive  resistor  is  driven  by  a  direct -coupled  transistor  pair,  Q^,  ,  with 

changes  in  the  base  voltage  of  Qj  causing  variations  in  the  voltage  across  the 
lamp.  The  higher  the  amplitude  of  the  input  signal,  the  brighter  the  lamp  glows, 
thus  lowering  the  resistance  of  *he  "Ray  Signal"  resistor  and  decreasing  the 
voltage  gain  of  aaipllfier  A^.  The  output  of  A2,  in  phase  with  the  Input  signal, 
does  not  exceed  an  amplitude  of  5  volts  peak-to-peak  with  input  signal  level 
variations  from  ten  to  one  thousand  millivolts. 

The  output  of  A2,  which  is  the  EEG  modified  so  that  the  overall  amplitude 
->£  the  waveform  l'  a  constant  5  volts  peak -to -peak,  is  then  connected  to  a  number 
of  paralleled  bandpass  filters  of  the  type  shown  in  Figure  5  which  separate  the 
modified  EEG  waveform  into  its  sinusoidal  components.  These  active  filters  employ 
two  direct -coupled  transistors,  Q^,  Qj.  Positive  feedback  from  the  emitter  of  Q2 

is  fed  ' hrough  an  R-C  parallel -T  phase  shifting  net  x>rk  consisting  of  R.  and  R 

A  z. 

ganged,  and  C,  and  C^.  For  the  circuit  shown  in  Figure  5,  «  3/f^  where 

C  is  expressed  in  microfarads  and  f  is  the  desired  center  frequency  of  the  filter 
in  hertz.  Adjustment  of  Rp  R  varies  this  frequency.  In  order  to  minimize 
changes  in  the  Q  and  center  frequency  of  the  filters  with  temperature  fluctuations, 
Cj,  C2,  Cj  must  be  of  a  low  temperature  coefficient  type  such  as  General  Electric 
metallized  polycarbonate  capacitors.  Ambient  temperatur*  should  be  kept  relatively 
constant  (+5°F.)  to  ensure  stability,  Silicon  diodes  Dj  nnd  act  to  effectively 
narrow  the  bandwidth  of  the  bandpass  filter.  Since  there  is  a  constant  voltage 
drop  across  each  diode  of  approximately  0,6  volt,  no  output  voltage  will  be  present 
until  the  tllter  passes  at  least  a  1.2  volt  peak -to -peak  signal.  Diodes  D3, 
rectify  the  passed  signal,  resulting  in  a  D.  C.  output,  the  voltage  of  which  is 
proportional  to  the  EEG  activity  within  the  bandpass  of  the  filter.  The  5  kilohm 
variable  resistor  in  series  with  the  supply  voltage  is  used  to  adjust,  the  gain 
of  the  translator  pair.  For  r*xfmum  selectivity  it  should  be  adji,  d  for  tl.J 
maxicoat  possible  gain  with  >ut  causing  the  circuit  to  break  into  oscillation.  The 
50  kllohm  Input  voltage  dividing  potentiometer  should  be  used  to  adjust  all  filters 
of  equal  D.  G.  output  at  their  individual  tuned  center  frequencies  for  an  equal 
amplitude  sinusoidal  input  signal. 

The  time  constant  of  each  filter  is  approximate ly  5  cycles  per  hertz  for 
full  output  at  the  tuned  cente~  frequency.  Therefore,  the  maximum  delay  occurs 
in  the  one  hertz  bandpass  where  that  filter  will  show  full  output  five  aeconds 
after  the  occurrence  of  one  hertz  EEG  activ  _y.  Some  phase  distortion  is  therefore 
introduced  by  these  filtera;  e.g.,  a  aimultaneous  burst  of  10  hertz  and  20  hertz 
EEG  activity  will  be  indicated  in  the  corresponding  output  channels  with  ?.  delay 

cf  ID-h&TC5  ’  °'5  ,econdB  for  the  10  hertz  burst  and  0.25  seconds  for  the  20  hertz 
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Figure  1.  Front  panel  of  EEC  frequency  _nalyxer  jhoving  push-button 
switches  which  allow  the  exper Imenter  to  switch  any  number  of  narrow 
bandpass  filters  Into  one  or  more  of  four  readout  channels. 
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Figure  2.  Rear  vlev  of  enelyeer  ehoving  eighteen  Interchangeable 
bandpasa  filters,  each  tuned  to  ■  different  center  frequency. 
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Figure  3,  Block  diagram  of  frequency  analyzer 
described  herein,  N«18,  and  the  switches  have 
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Figure  5.  Bandpass  filter.  The  direct  current  output  varies 
proportionally  with  FJEG  activity  within  a  preselected  bandpass 
of  lees  than  ore  hertz. 
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burst,  Hence,  although  the  bursts  occurred  at  precisely  the  same  time,  the  outputs 
of  the  analyzer  will  indicate  a  tine  difference  of  0,5  -  0,25  ■  0,25  seconds  in 
their  occurrence.  This  phase  lag  will  probably  be  Insignificant  for  even  the 
moat  critical  of  users.  Also,  random  noise  will  not  signif icantly  affect  the  out¬ 
puts  of  the  filters  sines  each  filter  requires  five  cycles  of  signal  st  its  tuned 
frequency  before  maximum  D,  C.  output  is  attained. 

The  "coob -t iltering"  effect  produced  by  the  paralleled  narrow  bandpass 
filters  also  enhance*  the  noise -cance 1 ling  properties  of  the  analyzer  (8). 

Any  number  of  these  individual  one  hertz  filters  can  be  paralleled  to 
the  EF.G  spectra®  as  desired.  The  analyzer  being  discussed  utilizes 
eighteen  such  filters,  each  tuned  to  a  different  center  frequency  and  wired  on 
an  individual  circuit  board  so  as  to  allow  interchangeability  and  future  additions 
o~  deletions  of  specific  frequencies  (Fig.  2). 

These  D,  F.  outputs  could  be  monitored  individually,  however  thia  analyzer 
uses  a  series  of  push-button  switches,  (Fig.  3)  mounted  on  the  front  panel  of 
the  unit  (Fig.  1)  which  allow  the  experimenter  to  combine  any  filter  or  number  of 
filters  into  one  or  more  of  four  output  channels.  The  appropriate  filters  are 
generally  switched  so  that  the  EEG  would  be  filtered  into  the  four  frequency  bands 
accepted  as  being  physiologically  and  psychologically  significant;  i.e.,  the  out¬ 
puts  of  the  six  bandpass  filters  in  the  10-12  hertz  band  are  paralleled  to  one  of 
the  four  output  channels  which  is  classically  labelled  the  alpha  band.  Similarly, 
other  filters  are  switched  so  as  to  analyze  EEG  activity  within  bands  of  0.5  -  4 
hertz,  5-7  hertz,  and  19  -  30  hertz,  correspondingly  labelled  the  delta,  theta, 
and  beta  bands  (Fig,  6),  This  Switching  arrangement  provides  flexibility  in 
selecting  the  bandwidths  of  these  four  bands. 

Displaying  these  D.  C,  outputs  or.  a  chart  recorder  enables  the  experimenter 
to  read  out  EEG  data  at  a  much  slower  speed  than  the  25  msa/sec  speed  required  for 
adequate  resolution  of  the  unprocessed  EEG  signal,  thereby  providing  the  opportunity 
to  visually  inspect  changes  in  the  frequency  content  of  the  EEG  over  relatively 
long  periods  of  time.  This  slower  chart  speed  also  enables  the  experimenter  to 
compare  EEG  activity  with  simultaneous ly -recorded  EKG,  respiration,  GSR,  blood 
pressure  and  other  data  which  are  inherently  more  meaningful  when  displayed  at 
speed*  slower  than  is  necessary  for  resolution  of  unprocessed  EEG. 

For  the  aforementioned  purpose  of  evaluating  alertness,  the  authors  found 
it  convenient  to  further  analyze  these  D.  C,  outputs.  A  Face  TR-10  analog  computer 
has  been  successfully  used  to  continuously  calculate  the  average  value  of  the 
output  voltage  of  each  of  the  four  output  vhanneis  described  above.  The  computer 
performs  the  operation: 
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Figure  6.  Bandpass  characteristics  of  the  EEG  analyser  shoving 
the  four  bandpasses  utilized  moat  ejrperi®sntation.  The  input 
voltage  for  this  graph  la  sinusoidal,  held  at  5  volts  peak -to -peak 
by  the  automatic  signal  level  control. 
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Where : 


*  the  varying  1).  C.  output  of  any  one  channel  of  the  analyzer 
£n_tn“l  ™  £*ve  tiJ*6  interval  during  which  the  average  voltage  level  is 
being  ccaputed 

Av  *  th~  average  value  of  v(t)  over  this  interval 

Us  of  this  additional  averaging  process  does  not  necessarily  introduce 
the  drawbacks  associated  with  the  Walter  analyser  (1)  previously  mentioned;  i.e, , 
within  the  epoch  of  tisse  tfi-t  information  about  trains  of  EEG  waves  is  re* 
tained  since  this  averaging  process  ia  continuous.  The  phase  distortion  introduced 
by  averaging  is  insignificant  compared  to  that  Introduced  by  the  bandpass  filters 
themselves  because  of  the  narrower  range  of  frequencies  involved;  that  is,  the 
frequency  of  the  oscillations  in  the  D.  C.  output  of  the  filters  does  not  cover 
as  wide  a  range  as  does  the  EEG  input  to  the  filters.  Also,  this  averaging  process 
can  be  performed  simultaneously  with  the  direct  readout  of  the  filtering  analyze? 
so  that  phase  relationship  can  be  more  precisely  determined  by  observing  this 
direct  readout  vhile  the  average  D.  C.  level  of  each  of  the  four  output  voltages 
over  some  period  of  time  is  continuously  calculated  by  the  analog  computer  through¬ 
out  the  interval. 


PROCEDURE 

The  following  technique  is  used  by  the  authors,  using  the  equipment 
described  above,  to  evaluate  the  visual  alertness  of  a  subject  over  a  twenty- 
minute  period  of  time. 

The  subject,  whose  EEG  is  generally  telemetered  to  the  av '’ve  analyzing 
equipment,  1c  first  instructed  to  close  his  eyes  and  relax  as  completely  as 
possible  for  a  sixty-second  interval.  Immediately  following  this  inter*'-'!,  he 
is  told  to  open  his  eyes  and,  for  another  sixty -second  interval,  to  stare  as 
<ntently  as  possible  at  an  oscilloscope  on  -  itch  is  displayed  the  D,  C.  output 
of  the  alpha  band  of  filter  unit.  The  greater  the  effort  expended  by  the  subject 
In  concentrating  on  his  alpha  trace,  the  greater  th-  degree  of  alpha  suppression 
and  the  lower  the  trace  becomes.  The  technique  *.f  using  an  oscilloscope  provides 
a  feedback  loop  to  the  subject,  permitting  him  to  evaluate  his  own  "visual 
concentration  level"  and  it  was  ‘‘■’und,  generally  Induces  a  greatei  degree  of  alpha 
suppression  than  intent  concentration  on,  for  exan.t  le ,  some  static  targuf. 

This  entire  routine  consists  of  twe„...y  consecutive  sixty -second  (tn~tn  60 
seconds)  intervals  with  alternate  Intervals  of  the  relaxing  and  staring  procedure 
described  previously.  Figures  7  and  8  show  typical  continuous  outputs  of  the 
frequency  "ualyzer  before  being  fed  into  the  computer  for  calculation  of  the 
average  values.  Figure  9  was  constructed  from  the  average  output  level  as  computed 
by  the  analog  computer  at  the  end  of  each  sixty-second  interval  only  so  that  in 
this  graph,  information  about  phase  relationships  during  each  interval  is  lost, 
although  the  actual  computer  output  showed  continuous  average  values. 
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Figure  7.  Chart  recording  jhovlng  continuous  monitoring  of  the  four 
output  channels  of  the  analyser  during  part  of  the  eyes  open/closed 
routine  as  described  In  the  text.  The  graph  In  Figure  9  shows  the 
result  of  computation,  by  an  analog  computer  of  the  average  voltage 
of  the  four  outputs  during  similar  intervals  In  another  experiment. 
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Figure  9.  Average  value  of  each  of  the  four  output*  of  tha  EEG 
frequency  analyser  at  the  end  of  twenty  60-*econd  Interval*.  During 
alternate  interval*,  the  subject  vaa  instructed  to  cloac  hi*  eye*, 
relaxing  a*  completely  a*  poaaible;  and  then  to  open  hi*  eyes,  con¬ 
centrating  intently  on  a  bargraph  o«rillo»eope  on  which  va*  displayed 
tha  output  of  the  analyter'a  a  channel.  Bandpsste*  for  this  experi¬ 
ment  are  aa  shown  in  Figure  6. 
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The  meaning  nf  the  absolute  val  a  of  each  bar  of  the  graph  of  Figure 
is,  at  bfcst,  obscure;  this  value  being  ifluenced  to  bom  extent  by  cle^trod 
contac  ,  slight  offset  of  the  averaging  computer  bias,  and  an  indeterminate  i  n~ 
binatlon  of  EEC  amplitudes  within  a  certain  bandpass.  For  the  stated  purpose  of 
evaluating  visual  alertness,  the  authors  found  it  more  -onvenient  to  interpret 
this  output  dsta  if  it  were  first  linearly  normalised;  that  is,  in  terms  of  the 
graph  of  Figure  9,  the  value  of  the  shortest  bar  in  any  particular  bandpass  is 
subtracted  from  every  bar  in  that  graph.  This  effectively  sets  equal  to  zero  the 
shortest  be-  in  that  bandpass.  The  highest  bar  is  then  arbitraril  set  equal  to 
one  hundred  and  of  course  all  other  bars  are  then  considered  to  >ave  a  value 
between  0  and  100.  Each  of  the  fc  r  histograms,  one  for  each  bandpass,  is  then 
redrawn  so  that  this  arbitrary  0  to  100  ordinate  scale  is  the  same  height  for 
each  graph. 

Figure  10  shows  the  same  data  of  Figure  9  after  normalization  as  described 
above.  As  can  be  seen  from  the  graphs  in  Figure  10,  this  normalization  process 
emphasizes  changes  in  average  EEC  activity  from  the  eye«*-ciosed  to  the  eyes -open 
state.  These  changes  between  states  proved  to  be  the  most  informative  index  of 
alertness ,  rather  than  the  absolute  value  of  the  average,  hence  this  normalization 
is  Justified,  The  reader  is  reminded  that  the  0  to  100  scale  is  arbitrary  and 
represents  different  amounts  of  relative  activity  for  each  of  the  four  bandpasses. 


DISCUSSION 

The  device  described  .n  this  report  should  not  be  construed  as  being 
capable  of  performing  a  precise  frequency  analysis  of  the  EEC,  but  rather  as  an 
instrument  which  has  proven  valuable  in  the  evaluation  of  visual  alertness. 
Empirically,  it  was  found  that  this  type  of  evaluation  of  the  EEG  could  be  per¬ 
formed  without  the  need  for  the  larger,  mot,,  complicated,  and  more  expensive  data 
processing  equipment  necessary  for  a  more  precise  frequency  analysis,  although 
the  autnors  do  have  such  equipment  available  when  particular  situation^  require 
a  more  precise  analysis. 

i  •*  c  h  of  the  thr<e  s'Ctions  of  this  analvzer,  the  signal  level  control 
the  bandpass  filters  and  the  switching  arrangement,  contribute  some  errors  wl  h 
cause  the  output  of  the  analyzer  to  differ  somewhat  from  the  more  precise  outpu1" 
of  conventional  passive  RLC  bandpass  filters,  and  the  limitations  on  output 
precision  thus  imposed  should  be  evaluated  by  prospective  users  of  this  equipment 
before  this  unit  is  used  to  analyze  EEG. 

The  automatic  signal  level  control  ,  by  it*  very  nature,  theoretic  illy 
introduces  harmonic  distortion.  The  bandpass  filters  do  not  actually  anaivze 
the  EEG  but  rather  the  EEG  signal  as  modified  by  this  level  control.  This  de¬ 
vice  was  incorporated  Into  the  enalyzer  to  limit  the  dynamic  range  of  tlie  amplitude 
of  the  signal  entering  the  input  of  the  bandpasa  filters,  thus  minimizing  the 
effects  shown  in  Figure*  11  and  12,  Also,  this  automatic  level  control  minimizes 
variations  in  EEG  amplitude  due  to  differences  in  electrode  contact,  an  effect 
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Figure  12.  Output  level  vs .  input  ataplitude  at  three  different 
frequenctea  lor  a  bandpass  filter  tuned  to  10. *•  herd .  Note  the 
intreaaecl  selectivity  «'  the  b  volte  peak -to -peak  input  amplitude 
point.  The  signal  level  control  was,  of  course,  bypassed  to  plot 
this  graph. 


which  is  difficult  to  avoid  when  a  number  of  different  subjects  are  involved  in 
a  particular  experiment.  If  the  input  e i f  j!  were  purely  sinusoidal,  the  output 
of  the  analyzer  would  be  as  shown  in  Figure  6  regardless  of  input  amplitude 
variations  from  K!  to  1000  millivolts  peak -to  -peak .  The  EEC  waveform,  however, 
is  not  sinusoidal  and  hence  can  be  considered  to  be  the  sum  of  a  number  of 
sinusoids  of  different  amplitude  and  frequencies.  This  Is  not  to  3ay  that  the 
EEC  actually  ot ^glnn^es  in  the  brain  as  the  sum  of  pure  sinusoids,  but  rather 
that  an  equivalent  waveform  can  be  synthesized  in  this  manner.  The  automatic 
signal  level  control  of  this  analyzer  maintains  only  the  overall  amplitude  of 
the  complex  waveform  at  a  constant  (5  volts  peak -to -peak)  amplitude;  the 
amplitude*  of  =*ny  harmonic  sinusoids  of  amplitude  less  than  that  of  the  overall 
waveform  cannot  controlled  by  this  device.  Hence  variations  in  harmonic 
amplitudes  are  reflected  in  the  output  of  the  corresponding  bandpass  filters. 

The  filters,  while  extremely  compact,  siraple,  and  inexpensive,  have  the 
disadvantage  of  being  non-linear  as  shown  in  Figure  12, 

The  switching  arrangement,  although  adding  ease  of  operation  and  flexi¬ 
bility  to  the  analyzer,  results  in  an  output  as  ahown  in  Figures  6  and  11  when  a  ntofcer 
of  filter  outputs  are  paralleled  as  described  earlier.  This  transfer  function 
is  rather  unorthodot  when  compared  with  that  of  a  system  utilizing  a  single, 
standard,  RLC  filter  to  filter  tne  bandpasses  shown. 

All  of  the  "drawbacks"  of  this  analyzer  mentioned  above  can  be  considered 
disadvantages  only  in  that  they  cause  this  analyzer  to  differ  fre *  standard  RLC 
filters,  and  yet  this  device  has  proven  capable  of  producing  meaningful  data. 

It  is  difficult  to  say,  when  dealing  with  a  waveform  aa  complex  as  this  irregular 
potential  of  yet  unknown  origin,  whether  or  not  one  is  more  justified  in  using 
conventional  filtering  techniques  than  in  subjecting  the  EEC  to  analysis  with 
the  analyzer  described  In  this  report.  In  any  case,  this  analyzer  has  empirically 
proven  useful  in  evalur  ing  the  visual  alertness  of  human  subjects. 
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